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OQ  Gne  poisibln  ceihod  of  urino  puiificotion  tbtt  rov-vuiroa  no  axiernel 

Sr  or 

l^~  ^^•"^iurce  of  jxivcr  lo  the  altoratlon  of  urlno  by  puirely  cherlcul  eottns.  Msat 
of  the  research  in  urine  piudfication  lias  been  oIeikI  at  producing  a  jotabl# 


waV*."  throurb  the  utilisation  of  locbniques  such  as  diaiillation,  frees*- 
drying,  and  el  eo*  roly  sin.  .i,j  relative  advantage  of  a  given  process  depesds 
upon  the  character! sties  of  the  feed,  the  desired  quality  of  the  effluent, 
and  the  (.aount  of  power  available.  Iho  quality  reqfoired  for  a  potable  mter 
supply  differs  considerable  froa  that  needed  for  a  supply  intended  for  other 
pUTf/ifies  such  as  bathing. 

The  chesical  and  physical  characteristics  of  urlno  vary  with  tho  diet 
of  the  individual  and  the  length  of  liow  elapsed  between  ex'"."ition  atd 
amlysls,  for  exasjple,  the  exoretion  of  urea  ranges  froa  4.7  ge/dsy  for 
persons  o:i  a  low  protein  diet  to  31.9  gt^Aay  for  persono  on  a  high  protein 
diet  (1)}  aaEOtlia  say  be  present  in  largo  asouato  as  a  result  of  the  decoaeo- 
sition  of  urea.  TOblo  1.  gi'n»s  a  partial  listing  of  the  const! tu«its  of 
uri?>3  and  their  respective  average  daily  quoatlales  etcreled  norasl 
healthy  indivldusls.  kny  liatiog  of  the  constituents  is  uevessoiiiy  in- 
ooaqtlete  because  of  iho  presease  of  snhSf  ti^oa  coapounds  and  the  difficulties 
sssocioled  with  nicroenslysis  for  these  ooepouads.  The  two  gross  coostitunste 
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Table  1 .  ;lnaly3io  of  Koriaal  Huzea  Urine 


Tcflfitltuento 

urea 

cr^etlninu 
anataonla 
Mr1  C 

hlp?v*rlc  acid 
adno  acids 
glucoae 

aroraatlc  hydro;^  acid  a 
oxalates 
sodiua  chloride 
phosphates  (as  P2O5) 
laorganio  sulfates  (as  SO3) 
organic  sulfates  (as  SO^) 
neutral  sulfur  (os  SO^) 
potasslua  (as  K2O} 
calciua  (as  Ob'!*) 

siUoates 

Iron 


Craitie/1250  cc. 
30 

1.15 

0.7 

0.7 

0.7 

0.5 

0.3 

0.06 

0.015 

15.0 

?.5 

2.0 

0.3 

0.3 

2.5 

0.2 

0.2 

0.4 

0.005 
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(freater  then  cae  proa  per  day  are  creatinine,  potassiun,  pboi^betes  and 

ruirjiter. 

The  invts -ipation  c  .  reatly  being  cotTveted  involves  the  alterotion  of 
I'ro  oharjctoriatics  of  urine  using  chccdcal  Bcaac  which  require  no  external 
Eour'^o  of  powcir  and  apply  tTdar  oabient  conditions.  The  entire  proces* 
koir.i;  conaidercd  Invcilvec  Icnr  steps:  urea  ,  ion  exchange,  aaio»>t,ion, 

and  disiaTection. 


JHiT  at  STTir/TES 

A  prelisimr^'  invt.  ctigation  wns  aade  to  dotensine  the  extent  to  which 
urea  and  codlua  chioride  cs*ald  be  r*?Boved  froD  urine,  utilizing  chasical  and 
biochpctical  reactions  and  loo  exchange. 
h<*actlon  of  tiroa 

Oxidation  of  urea  by  nitrous  acid  and  caldua  hypochlorite,  hydrolyaia 
of  urea  \r/  urcdoo,  and  j.recipltatlon  of  tirea  as  xirea  nitrate  were  explored 
os  poosiblo  iMthcds  of  uiiro  alteration  prior  to  doainerolization  by  ion 
oxriiango.  The  schen^s  of  uroa  renov&l  were  suggostsd  by  nvailablo  nethed:; 
for  the  analytical  doteradoalion  of  urea  in  urine.  The  oxidation  of  uma 
by  nitrous  acid  giving  woter,  nitrogen,  sod  carbon  dioxide  as  end  products 
is  attractive  if  the  urine  is  to  bo  subsequently  treated  ty  ion  exchange. 
Unfortunately,  nJtroos  acid  is  known  only  in  solution,  and  oust  ba  preparad 
as  needed  ty  the  roaetion  of  aaeonJa  and  hydrogen  peroxide,  *tua  cilrlta 
and  sulfurio  acid,  cr  alajlnr  sebeaes.  Urea  concentrations  in  aqueous 
solution  end  in  mine  were  deterrdoed  with  the  Kdoan  Oreoaater  (3).  As 
will:  aaty  reactions  involving  organio  cospounds,  the  OKldaticn  cf  utm  dees 
not  proceed  quantitatively  as  euLliusd  ty  the  atolcfolofiatrle  equation. 
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Approxiaatsly  twice  the  ctcichloDetrlc  atiount  of  nltroac  acid  was  found  to 
be  nccoa.iary  for  the  oxidation  of  urea  in  Buf-jcoiia  soltition  and  in  ttrine. 

For  ICO;?  recoval  of  urea  £  .n  aqueous  solution  and  froo  urine  at  concan- 
tr.'itiorts  of  20  gs/l.  apprcxioately  75  cs/l*  nitrouj  acid  were  reacted, 

Urlliaing  calciun  hypochlorite,  a  strengor  oxidizing  agent,  betner 
rcirul  ts  were  obtained. 

3  0s(0a)2  +  2C0(rH2)i  -  3Caa2  ♦  2-0)2  <  2.''i2  +  4^:2°  t'’) 

Ap;  roxitxitely  1i0%  of  the  ctoichiooetrlc  aaount  of  calciua  tayposblorlte  was 
needed  for  tha  Gxldatic-.  tt  iooa  tesporature  cf  urea  in  aqueous  solution- 
rur  1C0^  reaction  of  urea  froo  a  20  gE^l.  solution,  approxicately  120  gz/1. 
of  calciua  bopochlorito  were  roqtiired.  The  reaction  product,  calciua 
chiloridc,  Bust  bo  precipitated  from  solution,  if  ion  exchange  is  used  later 
ac  a  treataent  process. 

Thio  possibility  of  precipitating  tires  as  urea  nitrate  toy  he  disxdsaed 
heesuse  of  its  relatively  high  solubility  In  aqueous  solution. 

Tne  bydrolysls  of  urea  by  the  en'syso  varcag*  is  cost  rapid  when  the 
solution  Is  buffered  at  a  pH  of  7  arxl  tbo  concentration  of  urea  is  in  the 
order  of  sagnitude  of  1  >  2  gi/^  (4).  dependence  of  hydrolysis  of  a 
hl|^  concentration  of  urea  (?0  ^1.)  as  a  function  of  urease  concen* 
tration,  under  uablent  temperature  and  wltfa  the  solution  not  buffered  with 
roi^pwet  to  pH,  is  ahoM  below.  A  90  percent  hydrolysis  of  urea  in  24 
hours  was  ot^erved  urease  ooncent-retions  2  2  g^l,  Ibe  pres^tce  of 

UT’jape  and  Ihe  hydrolysis  )  whirt  annwwiliiM  la  a  s»»rlt>«is  dlwarl- 

if  Js  In  be  enydoycd  as  a  sube«i}asnt  ireatmni 
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Orcaso 

Percent  Urea 

Ccucentration 

en-A- 

Hydrolysed 

'..u 

72 

2.0 

92 

6.0 

88 

10.0 

90 

Ion  Exchaturo 
Introduction: 

Tbo  utilisation  of  ion  exchangee  aa  a  catbsd  of  treating  urine  baa 
bean  explored  to  a  vo’^'  'iaitaa  extoot.  Sooting  (5)  Bade  uee  of  ion  cecCtWir'ge 
redino  in  a  laboratory  amlyaie  of  urine.  He  eatablioned  the  total  cation 
content  of  urine  by  reaoring  all  of  the  cations  vith  a  snail  ion  exchange 
coluen  and  by  doterolning  the  quantity  of  hy<lrogen  ions  in  the  efflxient. 

He  reported  that  better  than  99  percent  roaoval  uaa  achieved  froa  contacting 
0.7  eoq.  of  cations  vith  the  exchange  resin;  be  did  not  consider  the  capadly 
of  the  resin.  HcHeal  (6)  atteapted  to  devalop  a  sethod  of  waste  disposal 
in  aircraft  by  pasaing  urine  tbrou^  a  coafained  an! on-cation  esebasgar  and 
then  by  peradttiog  tha  effluent  to  be  picked  by  a  large  wick  for  evapo¬ 
ration  into  a  wars  air  straas.  It  was  found  that  tha  resins  were  axhauated 
after  the  peseage  of  400  al.  of  urine.  A  few  additional  rafarancas  have 

:ade  In  the  literature  to  the  use  of  Ion  aKchange  as  a  final  iaa*ifloatiofi 
technique  foUotdng  distillation  or  fret^a-drylng. 

The  ion  axdiange  resloa  adopted  for  use  in  this  study  wen  .  xdueed  1y 
the  fkha  and  Haaa  Oospany.  Anberlite  IW*  402,  a  quaiemited  ehloroaethylated 
polys'yreoe,  was  tdioseo  as  tbs  anion  sxofaanger.  It  is  a  sirongpLy  basic 
resin  /ith  a  aoisture  content  of  40-50^  sad  s  suggested  mpaeity  of  4«4  Mq. 
per  gran  (dry  basis).  AniberJit#  IFC  50,  s  poly  (nsthseryslle  sold),  was 
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chiCr>*n  an  tho  cation  cscchaacor.  It  a  weakly  acidic  rocin  wltb  a  Boiatare 
contrnt  of  and  a  aug^oated  capacity  of  B.O-IO.O  ceq.  per  gms  {^TJ 

tnsis).  It  wao  decided  i,  *,  for  the  initial  attsdiee  untreated  urine  ahculd 
ho  Iho  influent  to  the  resins. 

Q/lirrirlcal  c^acn  eoltxni,  24  inches  in  length  with  on  ineide  dlaanter 
of  '  V/8  inches,  were  usoJ  to  hold  tho  resins.  At  bottoo  of  each  col*_jn 
vas  rinced  l/4  inch  of  glctfs  wool  followed  q/  six  or  seven  ^Lase  carblos  acd 
ly  or.  otr.ar  1/4  inch  layer  of  glass  wccl.  Trvs  resin  was  “ken  added  ar^l 
occur icd  afproxicjtely  12  l/2  inches  of  luijth  of  tho  colussi,  310  graaa  (dry 
uikothor  3/4  i:ich  of  glass  wool  was  placed  on  top  of  the  resin  to 
provo-nL  »>.lattonng  of  the  influont  and  to  diffusa  the  influent  over  tho 
entire  curfaco  of  t-ho  rosin.  The  influent  woo  delivered  at  10  al.  per 
tdnuie  through  a  600  al.  separatory  funr.el  attac.';cd  at  tha  top  of  the  coluaa. 
Two  coluans  were  operated  in  eerieo  with  untreated  urine  being  paas«l 
through  the  ooliisn  containing  ]!>A  402  (anion  exchanger)  and  with  tho  effludct 
froB  the  anion  exchanger  being  passed  through  IRC  50  (cation  exd^an^r). 

This  ordsr  was  adopted  to  provide  an  influent  to  the  IRC  5C  with  o  biah  pH. 
The  urine  was  collected  frofi  six  finle  adulta  over  a  period  of  severol  days 
and  w^s  rtored  at  a  temperature  of  1-4^  C.  During  the  atorage  periode  tl^re 
were  oo  signs  ol  degradatloni  tha  color^  odor,  and  pif  renalned  unchanged. 

The  .fflueota  ware  generally  ooileeted  In  250  al.  latches  and  vira  kept 
refrigarated  until  L<««rg  subjected  to  analysis, 

Aneilysea  wero  earrltd  cut  to  detaradne  the  average  character! atiea  of 
the  Inflvenri  to  the  anion  exchanger  and  of  the  ionuent  to  tba  cation  oc- 
jtiftnilar  tests  were  applied  to  a  series  of  efllueot  saoplee  frodt 
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each  cclusn.  Hjrdrogoa  Ion  coocentmtioofl  were  detersLned  with  a 
j':  cotor.  Afcjiorptlvity  seasurci&eals  were  cede  wit-h  a  Klett>-SaaDiar0oa  photo¬ 
electric  colorlsotor,  usin^  a  nueber  42  filter  (4OO-465  o^.  The  zero  poSat 
of  the  inainment  uaa  set  with  distilled  wnt^r,  and  the  absorptivity  sb»hsitr»> 
sonts  were  converted  to  color  mils  b/  lU^cpiirisoD  with  stindord  solutl^ons 
cor*ctniag  pctccsJun  chloroplatinate  and  cobnltoiia  cfalorldo  (7).  Total 
solids  wore  dotensdnoi  by  evaporation  of  the  senples  to  dryness  at 
IGl-105^  C.  Sulfate  ion  was  analyzed  ly  precipitation  with  bariua  chloride, 
followed  by  o"  the  filter  residue  at  800®  C.  Chloride  was  do- 

toredned  volisaetrical^y  uaic^  silver  nitrate  and  potaeaitia  dlduomte, 
and  sodiun  and  potassiuB  ion  cooceotratlons  wore  noacured  with  a  flane 
photoeeter.  Oolciun  woa  analyzed  b7  o  eodification  of  the  atandai'd  petw 
canesnate  tost  and  tgr  tha  EDTA  tliraiion  Bothod  (7).  An  analysis  of  uo- 
trooted  urine  is  presented  in  Table  2.  lUo  represtmts  the  overece  coopo- 
sition  of  the  iofluent  to  the  onion  ozchnn^e  coluso. 

&t)erifi<»nf«l  Pngultet 

The  first  eerles  of  obeemratioos  ues  aade  hy  pesslng  four  liters 
c  "  «^ir«otad  urine  through  the  anion  oxebsnger.  Tbe  flrot  2000  bI.  of 
cfGLueot  were  coliected  In  250  hi*  sesples,  while  the  lest  2000  id.,  after 
Uie  rsslii  wreeh  polat  lc«s  reeehed,  wwre  coUecUd  in  500  lu.  eaaivlae. 

The  prescribed  sot  of  analyses  ms  mde  on  each  saqple  and  the  resailte  worn 
tsbulstsd  <»a  tbe  basis  of  cusulatlve  voluae  of  effluent  (throu^mat  vo3sm]J). 
THa  arwlysis  for  cech  250  id.  sanple  was  aasmgd  to  apply  to  125  al*  of 


?ibil4  2.  Analysis  of  Unf.ri»t«d  Urino 


Test  Results 


pH 

6.6 

color 

1143  units 

chlorlds 

6.8  t^/1. 

culfats 

2.5  fB./l. 

calciu:i 

0.15  gft-A 

scdlua 

3.7 

poUsslus 

3.3  es./l. 

totsl  solids 

37.6  ^/l. 
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Ua-ou^put  voluzQ  and  for  each  500  cl.  sceple,  to  250  ol.  of  voltne. 

Firpiro  1.  prcceatii  the  relation  of  the  pH  of  the  effluent  to  the  throu^put 
volune.  Tho  first  |Joint  '  iicatod  applies  to  the  second  canple  collected; 

Vno  first  ctiJV-lo  did  not  provide  a  proper  ccasurn  of  the  effectiveness  of 
the  rosin,  sinco  a  largo  portion  of  the  first  250  bl*..  consisted  of  the 
water  which  was  uacd  in  preparing  the  rosin  fc-r  operation.  It  say  lie 
observed  that  a  sharp  broik  in  tlio  effectiveness  of  the  resin  cscurr;  ut 
160^0  e1.  of  thniughput  ard  that  the  rosin  is  virtudly  exhausted  w.jea 
2CC0  :iJ.  of  effluent  h^va  beer,  collcctol. 

ri^jurc  2.  indicatoa  tbo  relation  between  the  ratio  of  the  effluent 
chlortue  concentration  to  Jiat  in  the  influent  and  the  throughput  voluate, 

A  aisllar  relation  for  sulfate  ia  presented  as  Plgure  3.  The  resin  appeara 
to  bo  exhausted  with  respect  to  chloride  resovnl  sooner  than  with  respect  to 
nulf/ile  recoval  and  sulfate  is  still  toing  recoved  until  IJOCO  stl,  cf  effluent 
have  been  collected.  The  resin' o  theater  capacity  for  the  divalent  ion  le  to 
be  erpected.  The  results  of  the  teots  foi  total  solids  show  a  frecidon  of 
0,53  of  the  solids  in  the  influent  rceeioing  for  500  nl,,  0.79  for  lOOO  al., 
and  0.07  for  1500  Bl.  The  value  of  thie  dotersd nation  in  lesoenod  ty  the 
presence  of  large  acouata  of  urea. 

Two  seta  of  color  testa  were  run  on  the  effluent  mepleo;  one  set  was 
ssdd  one  day  after  tn^  ooluen  operation,  and  the  other,  three  days  after 
operation.  The  resulto  are  presented  as  figure  4*  In  the  fl*  *':  day  teste 
e  defioita  toirbidlt/  .jegan  to  sppMir  in  the  sasqples  wliieli  corresponded  to 
15C0  Bl,  or  core  of  ihroughiut  volum.  This  in  part  accounts  for  lha  relsiiva 
coxih&nc  in  tta  first  dity  curve.  Tbo  third  day  tests  were  cade  to  see  if  the 
ImiAAHy  *mti  leduriod  by  MdlumtAtlon  to  any  axtonti  ssoo  roductlon  had 
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onion  sxehonQor. 


In  color  of 
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takca  plocc»  but  a  dafinlia  doudinass  oppaered  In  the  lart  thro*  oacpJLcs, 
Filti-ation  cf  tbaao  aa3rJl«a  causod  no  sl^rniflcant  change  In  fhe  obaorptlvltjjr. 
!!■.«  turbidity  effectc  can  ,  .  explained  in  part  Ir/  the  alougMng-off  of 
calcius  phoephate  h/  Uia  renin.  It  la  also  possible  that  bacterial  ncti'.OD 
could  have  occirrsd;  bouevot*,  the  sain^lcs  were  kept  rafrigorated  except 
dui'Irig  i»:uilys:ia. 

Hue  occccd  oarieo  of  ohiarvatloon  vao  code:  pissing  the  coj^lned 

efriuent  fren  the  anion  exchor.ger  Ihrottt^  the  ctlum  containing  IRC  50>  It 
wis  decided  that  tx>re  r-'^resentatlvo  rusttltu  could  be  obtained  Igr  using  only 
initial  effLuont  froa  the  anion  ezch<>nger  as  feed  for  the  cation  ax- 
chsngor.  The  first  1600  al.  of  througbpitt  voluae  was  of  rather  udfom 
ooncentratloa  and  represented  the  effluent  froa  an  effectively  operating 
anion  coluen.  As  a  result,  three  anion  exchange  coluana  were  set  up  and 
1600  al.  of  uotreatod  urine  were  passoi  througb  each  ooluao.  Ibe  4750  b1. 
of  effluent  were  coi^oed  into  one  sasple  and  analysod.  Ibe  remits  of  the 
analysis  are  presented  in  Ibble  3*  The  total  absence  of  oeloiuai  ion  should 
bs  noted.  It  is  lUeely  that  ths  oaldua  wts  pradpitated  out  la  ths  aaioa 
exc^.ang«rr  as  caldua  pbospbstot  this  was  anbaocad  fagr  ths  alavniad  pH  at 
tdiicb  the  anion  exebangar  operated.  Although  no  quantltatlva  analysis  was 

For  aagnesiua,  it  seetts  probable  that  this  cation  was  also  preelpdiatad 
out  as  ngnesiua  tordrcxldsi  this  was  quell teiively  detertdoad  from  the  perBas> 
gasAte  oelciusi  enelysis. 

About  4750  al.  of  the  coahlned  nxiion  cxdienger  effluent  were  peeeed 
threugh  the  cation  exchanger.  Tbble  4  iadlmtes  the  varlatimi  of  the  pB  of 
the  effluent  with  througtqatt  voluae.  It  asy  be  obeerved  that  the  ealaao  was 
still  opereUe  after  4tO0  al.  of  efflueat  had  been  odlleoted.  The  hraak  pedni 
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XbhJo  j.  Analypl*  of  Inflticst  to  Cation  l&chanf(cr 


Tost 

R*sult« 

pH 

12,6 

color 

VO.O  units 

chlorlda 

1.0  gB.A. 

ffulfato 

0.5  gD,/!. 

COlclUffl 

0.0  gB./l. 

sodius 

3.7  ga./l. 

pOtOSOiUD 

3*3  giw./l. 

toUil  0olld0 

28.4  CB«/1> 

Tuole  4.  '.nttlysi 

«  Tor  >J], 

Sbdiun, 

•ad  Poteosium  of 

Effluent  froB  Cntloo  Excbenger 

lhrou4^imt 
Voluaa  (ail.) 

pH 

Sodium 

Poteesium 

125 

3.4 

1.0 

0.95 

625 

3.4 

O.S 

0.7 

2125 

4.0 

0.55 

0.8 

4125 

5.0 

0.55 

0.8 

4625 

10.4 

0.75 

1.8 
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occurs  at  approxImtoX>'  4500  ol.  of  thioujjiput.  lha  rasolta  of  tho  aoditai 
and  potasaiuo  analj'ses  are  also  presented  In  Dstble  4.  It  can  agafwo  be  seen 
that  the  colusn  was  opera*^**tg  effectively  i9>  to  the  4500  ml.  point.  The 
recalniog  fractioo  of  total  solids  in  the  effluent  during  the  period  before 
exhaustion  was  on  the  average  approxiaalely  0.35  that  of  the  inflcant.  The 
color  of  the  effluent  was  reduced  to  about  0.5  nf  that  of  the  influent  rmtu 
a  througt^ut  voluae  of  3000  ml.  was  reached.  It  tliea  rose  sharply  dns  to 
turbidity. 

Pros  the  leaults  which  have  been  presented  it  nay  be  observed  tl^t  the 
ec'oB  <Mi:baiiger  reaovcd  approxinately  260  aoq.  of  chloride  and  80  aeq.  of 
sulfaUt  before  the  resin  was  exhausted.  This  corresponds  to  1.03  aeq.  par 
graa  of  dry  resin.  Approrlaateily  1500  al.  of  untreated  urine  were  proeeaaed 
betore  the  resin  approached  eachauation,  althotigh  aclfate  was  still  being 
reeoved  until  the  2500  al.  point.  Ibis  oorresponda  to  four  al.  of  effluent 
per  ca^  of  rsain.  In  addition,  signlfioant  quantities  of  oaldua  and  aag* 
oeslua  were  reaevsd,  apparently  ty  precipitation t  this  aay  have  influsoced 
the  rapid  axhaueiioo  of  the  anion  exchanger  tj  fomisg  a  fila  to  block 
availabla  exefaange  sites,  lbs  oatiop  sxobanger  reaovsd  apprcsciaatsly 
500  asq.  of  sodiua  and  250  aoq  of  potassiua  before  the  reein  wae  sKbansied. 
Tfade  eorreepcode  to  2.27  asq.  per  gnus  of  dry  reein.  About  450O  al.  of 
effluent  were  ooUeoUd  before  the  reein  epproacbed  aKhauetloot  thia  oorru-^ 
ipoada  to  11  al.  of  offlueui  par  ea^  of  resio.  Ibe  ooiMiiatto*.  of  both 
ooluoDo  produoed  an  rffluent  with  a  total  aolida  oonteot  0.27  of  the  value 
for  the  Influoai.  Ibo  total  aOllda  rsaoval  is  greater  than  would  be  eapected 
froa  the  sulfate,  oblorlde,  sodiua,  and  poUssluB  analyses.  This  asy  be 
aitrliwied  to  sKdamgs  of  otbor  iota,  aoos  utm  rsanval,  and  the  fUterli^ 
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a«:Uon  of  the  exchange  beds.  Ihe  color  of  the  effluent  mg  40  uolta  cos^ared 
to  Vi/3  unite  for  the  Induont.  Urea  recxr/al  was  no^lglble. 

gXIDATIf^i  A^’D  PRECTPmTIOK  OP  Pm 

Based  upon  ihe  results  obtained  in  the  initial  studies,  it  uas  detersrined 
that  xno  uso  of  calciuD  hypochlorite  appeared  to  he  the  aost  prordsing  ac'txid 
of  uroi  rccovol.  .\queous  urea  solutions  were  tlion  usod  for  fur  (her  stadias 
on  calciua  hypochlorite  as  an  cxidizing  ngent.  The  concentration  of  urea 
In  the  solutlous  was  ed.iusted  to  24  ss/l*  toiresponding  approxoaetaly  to 
zyui-uge  reported  urea  content  of  urine.  HTU  calcitm  hypochlorite  with 
on  avnilnbl.a  chlorine  content  of  (>5%  vias  used, 

CoB^lete  oxidation  of  urea  was  achieved  with  a  125^  of  the  stoicMoaetrie 
quantity  of  calcitua  hypochlorite.  Xba  oxidation  reaction  was  accoaponied 
procipitation  of  caldua  carbonate.  Approxlaaid/  24^  of  the  caldua  ccaitent 
of  csldua  hypochlo.-lto  (wldod  was  thus  reaoved  in  the  oxidation  step. 

Precipitation  of  oaldua  and  chloride  ions  in  solution  resultiiig  froo 
oxidation  of  urea  would  be  noceesary  if  ion  exchange  were  to  follow.  lotro« 
duotion  of  silver  and  carbonate  ions  into  a  solution  containing  oaldua  and 
chloride  ions  seeaed  likely  to  predpltate  silver  eblorlde  and  caldua 
carbonate  since  the  eoluhillty  products  of  these  coapoviDds  ere  extreedy 
low.  Four  predpitatioo  aetbods  were  evaluated  t  1,  use  of  a  saturated 
solution  of  sUvvr  carbonate  in  asEonlua  hydroxide,  2.  use  of  <iy  silver 
eartooate,  1,  use  of  diver  carbonate  followed  tgr  silver  oxide,  etxl  4.  uso 
of  dry  silver  oxide.  Coaplete  rcaoval  of  both  oeldua  and  chloride  loos 
was  infected  bgr  aetbods  1  and  2,  using  appraxiaatdy  the  slolcMoiiotrlo 
fpsurtitgr  of  silver  carbonate  (besed  00  diloridc  content).  The  coldioi  to 
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dilorido  content  who  0.7  on  an  equlvsTent  basis.  Analysis  sboued  that 
odditloa  of  silver  cartonato  beyond  the  roquirocent  for  coaplote  proclpl- 
tation  of  calciua  continue  I  to  procipitato  chlcrlde,  but  introduced  o»- 
dcsimblo  carbonate  ions  into  solution.  It  was  therefore  decided  to  attespt 
a  t’-.-o  stace  precipitation  {lelhod  3)  uning  silver  carbonata  for  predpitetlon 
of  all  the  calciu.*3  and  part  cf  the  chlorido,  rv-llcv*^  by  silver  ooilde  for 
rcroval  of  tho  rcjcaining  chlorido.  lae  use  of  asaocitua  lujdrcxldo  as  a 
solvent  for  tho  silver  carbonate  did  not  seeffi  to  ail  the  precipitation 
reaction  appreciably;  I’-^r  tilvur  scltib  weic  used  in  all  further  espai'Iaeats. 
Cwiii-lote  reaoval  of  totli  calcluB  and  chloride  ions  was  effected  by  the  two 
Btat;o  nrecipitation.  Silver  carcunate  adrlitioos  were  in  stoichiooeirie 
quantities  bosod  on  the  colciuQ  con^'mt  aj»l  silver  oxide,  in  llOjE  of  the 
stoichiooatrlo  quantity  based  on  the  regaining  chloride  content,  ibe 
solution  after  conplete  precipitation  cf  celdm  end  chloride  was  bigUy 
alkaline.  This  cot’ll  presunably  be  attributed  to  bjrdrolysis  of  sil'/er  oxide. 

In  elhallne  solution  dissolved  carbon  dioxide  exists  as  the  carbonate 
lor.  and  in  the  prasenoo  of  cnloiua  ions  la  likely  to  precipitate  &e  colciua 
carbonate.  Since  silver  oxide  has  both  tho  property  of  rentoving  chloride 
ions  in  solution  as  well  as  incroaslng  the  alkalinity  of  tho  solution, 
oridation  of  urea  with  calciua  hypochlorite  in  tho  presence  of  allvor  oxide 
(gethod  4)  seeaed  likely  to  precipitate  both  the  reaction  products,  caleiun 
and  chloride.  An  aqu<?ot!r  solution  of  urea  was  cootacteJ  vith  of  the 
etol  cfaioBetrie  quantlly  cf  calciua  hTT'Ochlorlte  and  1305  of  the  stoichiootetrlc 
quantity  of  silver  oxide  hosed  on  chloride  content.  Ooapdele  preeipitatioa 
of  both  ealciuo  and  ohlorlda  ions  was  effected.  However,  otdy  905  4^f  ur«a 
refficrvo]  was  effocled,  indirating  ease  Interference. 
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Tuo  cetboda  for  the  oxidation  of  urea  vitfa  calciua  Igrpoohlor^ta  sad  for 
tho  precipitation  of  the  reaction  produeto,  caleius  and  chloride  iooa,  aeeai 
foaoible; 

Oxidation  with  hypochlorite  followed  !t)y  precipitation  first  with 
carbonate,  then  with  silver  oacide.(»ethod  3), 

SiouLtaneoua  oocidatlcn  aid  preolpitaxion,  calciua  hTpochlorito 

and  silver  oxide,  (utnon  4). 

7>ible  i  conpares  the  properties  of  the  soltttions  after  treataent  ty  the 
above  aotbuds  and  presents  a  cm^Murlson  of  the  choalcal  requiroasnta.  It 
can  be  seen  that  the  econoaios  of  aethod  4  b«ob  sore  favorable  than  that 
of  Bsatnod  3,  cloce  tne  price  of  silver  oxida  is  approxiyataljr  half  that  of 
silver  carbonate. 

Stud  iso  were  then  initiated  using  caldua  hypochlorite  end  silver 
carbonate  and/or  silver  oxide  for  urea  reaoval  fros  urine.  Ihe  eddition  of 
calciua  hypochlorite  to  urine  caused  the  foraation  of  a  rather  etehle  foaa 
pbese  above  the  solution.  This  was  brought  about  bgr  a  coabination  of  gas 
evolution  due  to  chaalcal  reecUon  with  the  exletencu  of  certain  etarfaco- 
active  ooostltueote  of  tnine.  Ihree  aethodo  were  oonaidered  to  oveircoti^ 
this  diffiooltgrt  1.  the  use  of  a  eereeo  ne  a  aedianioai  fo;«a  hreakar, 

2,  the  addition  of  a  eaell  oaount  of  dafoaadag  agent  to  the  urine  (euch  aa 
&  allloone  derivetivv)  which  could  later  ba  adsorbed  froa  the  urine,  3.  the 
use  of  e  prallsioaTy  adsorption  etep  to  recDve  the  surfeoe-eef^  ve  agMite 
present  in  urine.  The  third  aethod  ■■eaerf  aoet  proadsing,  parUettlarly  if 
sons  urea  reaovel  oodd  be  aeco^>lisbed. 
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Dablo  5-  ‘•nalysia  of  Solutions  Before  and 
After  Frecipltatlon  Treataseat 


property 

IniUal 

'olution 

Final  Solut; 

Hieth^d  3 

on  Final  Solutios 

Kethod  4 

pK 

7.0 

12.2 

12.4 

CA*^,  en./l. 

11.2 

— 

— 

Chloride,  C7./1. 

66.  ft 

— 

— 

Alkalinity  so  OaCO^ 

car ,  ga./i. 

-  -- ■» 

23.20 

18.50 

coy"^,  eo*A. 

— • 

3.14 

9.50 

HCO/,  «»./!. 

- • 

— 

— 

Uroe,  ep./l. 

24.0' 

— 

2.50 

'before  oxidation 

Cheaical  Requireseota 

Cbettloel 

OoDSU^tlon 

Constnq^tioa 

urea  eolutioa 

CB.A*  urcA  solution 

Chleltta  iQrpocblorite 

1  150.9 

169.0 

Silver  oartonate 

1S0.0 

Silver  oxide 

82.5 

305.8 

22 


Activated  charcoal  {cocomiL,  6-J4  ocih)  was  U£^  in  two  batch  exj-f>Tlea%is 
to  cctrrzine  urea  rorwwaj.  aqueous  urta  solutiona  were  prajaersd  containing 
i!rca  ccnccntmtiona  vtiryiag  fro3  1.5  to  115  g»./l*  50  al  of  each  of  thoua 

;:ol«tionfl  worj  contacted  with  10  of  activated  charcoal  furri  .«i  ftd*orj*t!on 
icoUiora  vna  detoirJncd  at  26°  C.  A  plot  of  iog  uT'A  rtoov«d/ga. 
cluircoal  va.  leg  of  cquillbi'iua  conconiration  of  th«  ‘irMt  solution  ^vo  a 
straight  lirtn,  oa  would  be  predicted  fros  Freundlich'a  Cquatioo.  For  a 
•:rea  colulioR  of  25  c-  /!.,  0.047  g«.  urea/gn.  charcoal  wore  rcsovoi, 
^nJicaling  aporoxisately  40f  roaoval,  for  the  given  charcoal  dosage.  A 
clngle  erperieert  was  conducted  using  50  ad.  of  urine  (urea  cooeentratlon: 

2/.  gs.l.).  40  go.  of  charcoal  yielded  approxlnatcly  60;^  urea  rosoval. 

The  adsorption  cbaracterietles  of  a  7/8  ial.D.,  23  in.  deep  actiTStei 
charcoal  colucn  wore  doteralnod  using  urine  as  the  influent.  For  the  102  ^ 
of  duircoal,  approximioly  lOOlC  tirea  reooval  was  obtained  for  the  first 
;1G  si.  of  throughput  voluae  (corrected  for  the  water  used  to  prepare  the 
coluan).  For  the  moct  280  hi.  of  throughput,  the  uree  reaoral  decreased 
olaoot  linearly  until,  ei  the  400  ail.  point,  20X  urea  was  being  r^^oved. 

The  fifiluent  regained  colorless  until  the  400  al.  point  and  froa  400-500  3)1. 
**•9  effluent  bad  a  faint  coloration.  The  use  of  coluans  of  greater  depth 
should  iaproye  cocisiderably  the  efficiency  of  urea  rsaoval. 

Further  studies  will  bo  cocductsd  oa  the  adsorption  piutsi  "  the  procose, 
wslof  cbarcsal  colttno.:  aisd  deteradolng  urea  renoval  and  the  breakpoint  for 
the  coluons.  Then,  an  opilissB  arrangMwnt  will  be  worked  out,  eoabdiiinig 
prolSMmrf  edsor|>'iloa  vith  oxidation  and  preeipl tattoo.  It  is  afiticlpat>9l 

that  a  aooalderable  saving  in  overall  ev«et  and  npaeo  can  be  aceoapli^Md 
m  aAsorptlao  step. 
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ntTURE  STOUrES 

15  Jaiiinry,  -  1  Au^st,  1963 

Upon  coDT-lotioc  of  t...  adsorption,  oxidation,  and  precipitation  pb«i»  of 
tho  prococo,  further  ion  oxchango  experiaemta  will  bo  cocductsd.  Hbrintt  after 
tvtMlsisnt  calcltm  h(ytx>chlorite,  eilvor  cartoriita,  activatei  carbon,  etc. 
will  bo  {tensed  throu{;h  ooluma  containing  acit'  anri  brine  oxctiange  reirinn 
Various  coatblnalionr.  of  week  acid,  streng  acid,  wenit  bos'),  end  eticnjg  bass 
rooioo  will  bu  eoployod  uolng  aio^e  and  mixed  bedi^.  ^o  effluosi  will  be 
teat43d  for  pH,  culfute  uboa^bsto,  cMorUo,  eodiun,  potaoeiua,  sHeor,  and 
*ngr.:c>un.  Color  and  turbidity  will  be  ehedeed  a»l  total  and  Tolatile 
colids  will  bo  doteralnad.  based  iqx>n  influent  and  effluent  byd^sen  loa 
concontrationa,  upon  the  resoval  of  both  aniona  aitd  cations,  and  tq^on 
rosin  officionclos,  the  optl&un  ion  axsbanga  eoabination  will  be  seloctoJ. 

It  is  snticipntad  that  a  value  of  apprixioately  8  throughput  voluaeo  per 
unit  vilurx)  of  coebined  rosins  can  be  obtained.  This  estimate  is  based 
ujjoa  the  efficient  rocoval  of  chloride  and  calcium  in  the  oxidation  and 
prooipitation  step. 

The  effluent  from  the  ion  exchange  phase  of  the  process  will  then  be 

passed  through  s  tarmlosl  bod  of  aeUvated  carbon.  This  should  aeeoaplisfa 

of 

the  renoval  of  trsoe  ruaatltlo^reatiniog  orgaoie  Batter,  including  color 
and  taste  and  odor  predueing  subetaneas.  lha  effluent  will  be  tested  for 
organic,  aamcftlA,  and  nitrate  nitrogen  and  for  fixed  sou  volab  solids. 
Various  bed  sites  wli:  be  tested  sod  the  optiBua  value  will  be  selected. 

Ibe  quality  of  ibe  effluent  after  oxidation,  predpllatioa,  loa  exdiange 
and  adsorption  can  be  expected  to  be  quite  high,  but  additieoal  troalAeol 
in  the  fom  of  pfl  adjustneot  and  teraiaal  dialnfectloo  Bay  be  necessery. 


1  ,’.ucuot,  1963  -  1  August,  1964. 

A  j-rftl  lEsinary  Hnolysis  t/ill  tiion  be  ccadaeted  to  estiitato  tho  relation 
between  cBfaelty  ajwl  cost  aad  clze  for  the  entire  urine  cwjverolon  urdt, 
else  conalt'tsratiooff  will  include  the  storage  volune  of  cbcolcals  needed  in 
Uio  CKidation,  i^roclpl  LaLlon.,  and  disJnfoctioi:  steps  and  tho  voltaa-j  of 
rosier  nnd  a'?<^>\-nted  carbon  iiceded  in  the  ion  exchange  ood  rd sorption  etep^. 
Various  corljlna liens  will  then  be  aitespted  experijsnntolly,  such  as  the 
rodui^Uon  of  the  procipitaiion  desage  and  ths  incroitco  of  the  ion  exdtLBgp 
bed  vcluse  iieo  If  ui  optimra  arrangeaant  ocisl.  It  is  lileely  tint 
tho  slso  ard  cost  of  the  unit  idLll  depend  largely  upon  the  nffluent  qtality 
dcflirod.  Once  criteria  have  boon  oatablishod,  dosages  and  bed  Toluses  will 
bo  varied  to  achieve  that  stordard. 

The  shape  and  size  of  the  final  unit  will  depend  upon  voluse  required 
for  cheedcal  contact  oed  coparatioo  and  upon  effective  contact  and  detentioo 
tiea  for  the  loa  exchange  and  adsorption  staps.  Ihe  flow  rate  and  vdlodly 
distribution  through  each  of  tite  porous  utdia  and  the  affect  upon  b^d  ‘^cts 
of  pnehing  and  grain  size  of  the  porous  Mdis  viil  be  doterdoed.  The 
optlnua  shape  and  overoll  length  to  eharaoierlstio  curossesaotioo  can  be 
selected  on  the  basis  of  the  above  inforaalion. 

A  laborutoiy  acale  sodol  of  the  urine  oonveraion  process  will  be 
fa%irai<xl  and  cponaled  at  the  rate  of  five  (^rte  per  day.  An  effort  will 
be  ends  *r  ItK^ude  alt  of  the  ooqpooeota  in  a  eotipact  unit  which  would  be 
operated  with  ease  and  would  require  adniauB  salntenanea.  full-eoale 
oapaeitios  can  then  be  obtained  bgr  usieg  a  battet7  of  the  labcrotoi7>s«ale 
otdis  In  pereltel  and  overall  perfermnee  and  operaiioA  eheraeterisilaa  can 

%«  Tt  edleiad  froa  tbs  known  dMuneterisUea  of  the  laloratory'-eeale 
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Dodcd.  IbiA  enirentlAl  crl  f/>r  th«  of  tho  iiotlr*  imit 

will  be  thti  quality  of  the  lo  to  tbo  usunl  pbymleml 

licd  c'r.eaicaJ  tosto  on  uater,  aiinlysss  of  tr&c*  a»t4>ls  ao^  short  tom  airiaiil 
toxicity  sUidies  Involving  body  weight  gain  tnd  groos  exoBlafttlotM  of  body 
organic  Tor  leslonn  will  b«  oor/Iezted,  as  tins  r.nd  funds  allow. 
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